The genus Leptospira is part of a distinct and ancient branch of the eubacteria (5, 21, 30) . This genus contains two genetically diverse species: Leptospira biflexa (saphrophytic) and L. interrogans (pathogenic) (1, 14, 15, 31) . Little is known about the genetics of these bacteria. There are no known mechanisms for genetic exchange among members of the genus Leptospira, thus precluding the use of classical genetic techniques to study these bacteria. To circumvent these difficulties, we have used molecular cloning techniques to analyze Leptospira genes (32, 34) . The results of those and other studies suggest that Leptospira genes may be organized differently from homologous genes in other bacteria (7, 25, 33, 34) . In this report we present an analysis of the nucleotide sequences of two L. biflexa genes which exhibit significant sequence similarity to the Escherichia coli ribosomal protein genes rpsL (encoding ribosomal protein S12) and rpsG (encoding ribosomal protein S7).
(A preliminary version of this work was presented previously [R. L. Zuerner and N. W. Charon The L. biflexa serovar patoc strain Patoc I rpsL and rpsG genes were cloned on plasmids pZC300 and pZC301, which have been described previously (34) . Both pZC300 and pZC301 were isolated by complementation of an argE mutation in E. coli AB1157 (34) . The L. biflexa DNA cloned in pZC300 was subcloned into M13 bacteriophage vectors and sequenced by dideoxynucleotide termination reactions as described previously (34) . Three open reading frames (ORFs) were detected within the sequenced DNA. The first ORF was identified as the argE-complementing gene (hereinafter referred to as the argE gene). The product of the argE gene shares amino acid sequence similarity with the E. coli 3' subunit of RNA polymerase (a product of the rpoC gene) (34) . An analysis of the L. biflexa DNA comprising the second and third ORFs (ORF2 and ORF3) on pZC300 is presented here. ORF2 and ORF3 were located 3' to and encoded by the same strand of DNA as argE (Fig. 1) (34) .
Nucleotide sequences spanning both ORFs were used to search the GenBank and EMBL nucleotide sequence data bases for genes with similar sequences. ORF2 (or its predicted protein product) was similar to all available rpsL (or S12) sequences ( Fig. 2A) . Likewise, ORF3 (or its predicted product) was similar to all deduced rpsG (or S7) sequences (Fig. 2B) . Because of the similarity between these ORFs and all known rpsL (S12) or rpsG (S7) sequences, we concluded that ORF2 and ORF3 encoded proteins with functions homologous to those of E. coli S12 and S7, respectively. Additionally, Southern blot analysis of L. biflexa DNA (data not shown) showed that the cloned sequences are unique and that other rpsL-or rpsG-like sequences are not present in the L. biflexa genome. In E. coli the S12 protein is important in translational fidelity (9), whereas the S7 protein is important in ribosome assembly (27) . On the basis of our conclusion, these data provide the first information on ribosomal protein gene organization and composition in any member of the genus Leptospira.
In all bacteria characterized to date, rpsL precedesrpsG. This arrangement was observed for the L. biflexarpsL and rpsG genes. However, the L. biflexa rpsL genewas closely linked to a rpoC-like gene (34) . This genetic linkage was unlike those of other eubacteria but was simi-lar to the organization of the rpoC and rpsL genes of Methanococcus vannielii (17) , a member of the archaebacteria. In M. vannielii, rpoC precedes rpsL by a 1,061-bp segment containing two ORFs (17) . Leptospira spp. share several other unusual phenotypes with archaebacteria, including possession of rifampin-resistant RNA polymerases (12, 18) and an unusual pathway for isoleucine biosynthesis (3, 4) .
Several features of the L. biflexa S12 and S7 proteinswere of particular interest (Fig. 2) . The L. biflexa S12protein
showed conservation of amino acids at positions44 and 88 ( Fig. 2A) T   CTACAATTAACCAGCTCATCCGAATTGGAAGAGAAGACCAAAAGAAAAGAACTAAATCTCCTGCCCTTAAAGCATGCCCACAAAGACGTGGAGTTTGCAC   210  220  230  240  250  260  270  280 290 300 TAGGGTAATGACCTTTrACTCCTAAAAAACCGAACTCAGCTCTTCGTAAAGTAGCAAGGGTTCGCCTCACAACTGGAATTGAAGTCACTGCTTATATTCCT   310  320  330  340  350  360  370  380  390 400 
TGGATACACTCGGTGTAGACAAACGTCGTMAAGGACGTTrCAAAATACGGCGCTAAGCGTCCTAAAGCGTAATCGGAGAAAGGTATATGTCAAGAAGAAGA 510 520 530 540 550 560 570 580 590 600 CCTAAATACAATGACAAAGTGATT TCTAAGTT TATCAACTGCCTAATGGTAGATGGTAAAAAGAGTG  610  620  630  640  650  660  670  680  690 700 TCTACGATGCTTTAGAAGTAAT TGCTAAAAAACAGGGCAAGATCCT TACCAAG TTTTCCAAGAAGCTTTGGAAAAT GCAAAACC  710  720  730  740  750  760  770  780 790 800 termination codon of argE. The first translated sequence is ORF2 (rpsL), which is followed by ORF3 (rpsG). two amino acid insertions (arginine at position 3 and leucine at position 86) which were not common to other S7 proteins (Fig. 2B ). An insertion at position 3 was shared only with S7 from Spirulina platensis, and an insertion at position 86 was shared only with S7 proteins from Zea mays chloroplasts and M. vannielii. Valine was found at position 23 of the L. biflexa S7 protein, while leucine was found at this position in other S7 proteins (Fig. 2B) . Likewise, instead of a conserved isoleucine at position 43, the L. biflexa S7 protein contained valine (Fig. 2B) . Several amino acids (positions 102, 128, 144 and 148) are normally conserved among S7 proteins; however, both the L. biflexa and M. vannielii S7 proteins diverged from the consensus sequence at these positions (Fig. 2B) . These amino acid changes may reflect adaptations to different rRNA and protein structures in ribosomes of evolutionarily diverse organisms.
Nucleotide sequence accession number. The nucleotide sequence data presented here have been entered in the EMBL, GenBank, and DDBJ nucleotide sequence data bases with the accession number M30695. (2) ; Bst, Bacillus stearothermophilus (16) ; Mpo, Marchantia polymorpha (8); Zma, Z. mays (chloroplast) (11); Gma, Glycine max (29) ; Nta, Nicotiana tabacum (6, 28) ; Sol, Spirodela oligorhiza (22); Eco, E. coli (9, 10, 23, 24); Mlu, Micrococcus luteus (20) ; Egr, Euglena gracilis (19) ; Tae, Triticum aestivum (13); Dme, Drosophila melanogaster (26); Mva, M. vannielii (17) . The amino acid sequences for mitochondrial S12 proteins of T. aestivum and Z. mays are identical; therefore, only the T. aestivum mitochondrial sequence is shown. Since the amino acid sequences of mitochondrial and chloroplast forms of the Z. mays S12 are different, the chloroplast form is shown. VOL. 172, 1990 on November 6, 2017 by guest http://jb.asm.org/ Downloaded from
